ABSTRACT. The central region of Brazil was colonized by internal migration of individuals of different origins, who contributed to the genetic diversity existing in this population. This study determined the allele frequencies and haplotype diversity of Y-STRs in Goiás State, Central Brazil, and compared the data obtained with a sample of the Brazilian population, consisting of individuals from the five geographical regions of Brazil. A total of 353 males were typed for Y-STR haplotype diversity in Central Brazil 12 Y-chromosome short tandem repeat (Y-STR) markers. We selected males who had no degree of relatedness, from the five mesoregions of Goiás State. DNA was extracted from blood samples followed by the amplification of the 12 Y-chromosome loci. The products were analyzed to obtain the allele profiles on an ABI3500 automated sequencer using the Gene Mapper software. Allele frequencies and haplotype diversity were estimated by direct counting, and gene diversity for each locus was computed using the Arlequin software. The results are consistent with the history of miscegenation of the population of Central Brazil, in which we observed 321 different haplotypes. The average gene diversity at the 12 loci was 0.645. DYS385b and DYS389I showed the highest (0.704) and lowest (0.520) genetic diversity values, respectively. The F ST value between the Brazilian and Goiás populations was 0.00951, showing no statistical significance. The results of this study allowed the establishment of haplotypes found in the forensic samples of Goiás State serving as a reference in the elucidation of criminal cases and paternity tests, as well as population and evolutionary inferences.
INTRODUCTION
The analysis of Y-chromosome short tandem repeats (STRs) has been extensively used in forensic genetics and for paternity testing. Furthermore, these polymorphisms serve as valuable markers for ancestry studies, and the main population shows remarkable allele frequency distributions (Palha et al., 2007; Carvalho and Pinheiro, 2013; Vieira et al., 2013) .
Due to the presence of the largest non-recombining region in the whole human genome, the Y chromosome is characterized by a unique inheritance pattern and specificity to males (Rębała and Szczerkowska, 2005) . The lack of recombination between Y-chromosome specific markers means that these markers are transmitted as haplotypes in the same way as single locus alleles. The lower effective number of Y-chromosomes in a given population also means that Y-haplotypes/haplogroups tend to show a higher proportion of variation between populations than observed for other markers located on autosomes or X chromosomes (Domingues et al., 2007) . Thus, Y-chromosome single tandem repeat (Y-STR) analysis can be very useful in paternity tests in which the alleged father is missing or deceased, through analysis of related individuals (Francez et al., 2012) .
Investigations of genetic links using database DNA has stood out in recent years (Chung and Fung, 2013; Mardini et al., 2013) . Moreover, the study of human race has been of interest since ancient times. The existence of differences between populations of distinct geographical origins must have been a finding of the first long-distance travelers (Silva et al., 2010) . Nowadays, considerable research has been conducted to identify the geographical origin of people and their closeness, from several points of view, as well as the degree of admixture in the genetic composition of a population. Therefore, the aim of this study was to determine the allele frequencies and haplotype diversity of Y-STRs in the population of Goias State, Central Brazil, and to compare the results with population data for samples from all Brazil regions (Mardini et al., 2013) . 
MATERIAL AND METHODS
A total of 353 males were typed for the following 12 Y-chromosomal short tandem repeat (Y-STR) markers: DYS389I, DYS389II, DYS391, DYS437, DYS438, DYS439, DYS19, DYS392, DYS393, DYS390, DYS385I, and DYS385II. We selected the samples of the males who had no degree of relatedness, from five mesoregions comprising Goias State (Central, East, North, Northwest, and South regions).
DNA was extracted from blood samples using a commercial kit (GE Healthcare, UK), followed by the amplification of the 12 Y-chromosome loci (Powerplex ® System, Promega Corporation) according to manufacturer instructions. The amplification products were analyzed on an ABI3500 automated sequencer (Life Technology, Applied Biosystems) to obtain the allele profiles, which were analyzed using the GeneMapper software 2.1 (Applied Biosystems). Allele frequencies and haplotype diversity were estimated by direct counting, and gene diversity (GD) for each locus was computed using the Arlequin software, version 3.5 (10,000 permutations) (Excoffier and Lischer, 2010) .
RESULTS AND DISCUSSION
The results are consistent with the history of miscegenation for the population of Central Brazil, in which we observed 321 different haplotypes, indicating an individual discrimination power of 0.91. The average gene diversity at the 12 loci was 0.645. The DYS385b and DYS389I showed the highest (0.704) and lowest (0.520) genetic diversity values, respectively (Table 1) .
Midwestern Brazil, like other Brazilian populations, is derived from the admixture of 3 main groups: Amerindians, Europeans, particularly Portuguese, and Africans from subSaharan Africa (Vieira et al., 2013) . A comparative analysis of our population with published data from other Brazilian populations was performed using the Arlequin software 3.5 (Pereira et al., 2007; Excoffier and Lischer, 2010) . Three rare alleles were detected in the Goias population in markers DYS391, DYS392 and DYS438, which were not described in the study of the Brazilian population.
To test the level of genetic differentiation between the population from Goias State and the Brazilian population (F ST ), intrapopulation genetic diversity (H S ) and the proportion of the total genetic diversity (H T ) were estimated using the FSTAT software, version 2.9 (Goudet, 2001) ( Table 2 ). The overall φ ST and R ST values determined by AMOVA were respectively 0.009 and 0.0084, confirming no significant differentiation for the Y-STR haplotype between the Goiás and Brazilian populations. Allele frequencies and resulting statistical parameters are given in Tables 1 and 2. The genetic differentiation coefficient (F ST ) between the Brazilian and Goias populations was 0.00951, showing no statistical significance (P > 0.05). An F ST value between 0 and 0.05 indicates a low level of genetic differentiation, but it does not imply the absence of differentiation.
Forensic genetics interest has focused on Y-STR markers, which are available for population genetic, evolutionary, genealogical, and forensic investigations (Soares- Vieira et al., 2008) . The results reported here characterized the genetic diversity of the population of Goias based on Y-STR and contributed to consolidate a database that could be useful in human identification studies. Additionally, the data will support the demands from the Judiciary and Public Ministry in the area of family and criminal affairs, helping in the elucidation of criminal cases and paternity testing for the Goias population, especially when the DNA of the alleged father is not available. Table 2 . Continued.
H S = intrapopulation genetic diversity for each locus; H S (nc) = intrapopulation genetic diversity not corrected for each locus; H T = total genetic diversity for each locus; H T (nc) = total genetic diversity not corrected for each locus; F ST = genetic differentiation coefficient between populations.
